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Description
BACKGROUND

FIELD

[0001] Embodiments described herein relate to a dis-
play system, and more particularly to local active matrix
displays and methods of operation.

BACKGROUND INFORMATION

[0002] Display panels are utilized in a wide range of
electronic devices. Common types of display panels in-
clude active matrix display panels where each pixel ele-
ment, e.g. light emitting diode (LED), may be individually
driven to display a data frame, and passive matrix display
panels where rows and columns of pixel elements may
be driven in a data frame. Frame rate can be tied to dis-
play artifacts and may be set at a specified level based
on display application.

[0003] Conventional organic light emitting diode
(OLED) or liquid crystal display (LCD) technologies fea-
ture a thin film transistor (TFT) substrate. More recently,
it has been proposed to replace the TFT substrate with
an array of pixel driver chips (also referred to as micro
driver chips, or microcontroller chips) bonded to a sub-
strate and integrate an array of micro LEDs (nLEDSs) with
the array of pixel driver chips, where each pixel driver
chip is to switch and drive a corresponding plurality of
the micro LEDs. Such micro LED displays can be ar-
ranged for either active matrix or passive matrix address-
ing.

[0004] In one implementation described in U.S. Publi-
cation No. 2019/0347985 a local passive matrix (LPM)
display includes an arrangement of pixel driver chips and
LEDs in which each pixel driver chip is coupled with an
LPM group of LEDs arranged in display rows and col-
umns. In operation global data signals are transmitted to
the pixel driver chip, and each display row of LEDs in the
LPM group is driven by the pixel driver chip one display
row at a time.

SUMMARY

[0005] Local active matrix architectures including dis-
play panel stack-ups, circuits and methods of operation
are described. In an embodiment, a local active matrix
display panel includes an array of pixel driver chips, a
thin film transistor layer over and in electrical contact with
the array of pixel driver chips, and an array oflightemitting
diodes on the thin film transistor layer. Each pixel driver
chip may be electrically connected to a corresponding
matrix of LEDs and corresponding local pixel circuit ma-
trix in the TFT layer. In operation, the pixel driver chips
provide local matrix digital driving capability, while the
TFT layer provides sample-and-hold and current source
capability per sub-pixel. Such an arrangement may max-
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imize emission duty cycle irrespective of LED matrix size
and facilitate operation of the display panel at high mul-
tiplexing ratios.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a generalized circuit diagram of an active
matrix architecture.

FIG. 2 is a generalized circuit diagram of a local pas-
sive matrix architecture.

FIG. 3 is a generalized circuit diagram of a local ac-
tive matrix architecture in accordance with an em-
bodiment.

FIGS. 4A-4C are a schematic top layout view of dis-
play systems in accordance with embodiments.
FIG. 5 is a schematic top layout view of a display
panel and close-up generalized circuit diagram of a
local subpixel circuit in accordance with an embod-
iment.

FIG. 6 is a circuit diagram of a local subpixel circuit
in accordance with an embodiment.

FIG. 7 is a schematic cross-sectional side view illus-
tration of a portion of a local active matrix stack-up
accordance with an embodiment.

FIG. 8 is a flow chart for a method of fabricating a
local passive matrix display panel in accordance with
an embodiment.

FIG. 9 is an isometric view of a mobile telephone in
accordance with an embodiment.

FIG. 10 is an isometric view of a tablet computing
device in accordance with an embodiment.

FIG. 11 is an isometric view of a wearable device in
accordance with an embodiment.

FIG. 12 is an isometric view of a laptop computer in
accordance with an embodiment.

FIG. 13 is a system diagram of a portable electronic
device in accordance with an embodiment.

DETAILED DESCRIPTION

[0007] Embodiments describe local active matrix
(LAM) display configurations and methods of operation.
A local active matrix (LAM) architecture in accordance
with embodiments may combine features of both active
matrix and passive matrix architectures. More specifical-
ly, LAM display configurations can include an array of
pixel driver chips mainly to provide digital functionality,
and an overlying TFT array including local subpixel cir-
cuitry to provide analog functionality. In operation, LAM
addressing includes active matrix driving with local up-
dating. Thus, the pixel driver chips may update with mul-
tiplexing and row sharing, while a mostly passive TFT
overlay is set to the LED driving current value and is
always on until it is reprogrammed.

[0008] In various embodiments, description is made
with reference to figures. However, certain embodiments
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may be practiced without one or more of these specific
details, or in combination with other known methods and
configurations. In the following description, numerous
specific details are set forth, such as specific configura-
tions, dimensions and processes, etc., in order to provide
a thorough understanding of the embodiments. In other
instances, well-known semiconductor processes and
manufacturing techniques have not been described in
particular detail in order to not unnecessarily obscure the
embodiments. Reference throughout this specification to
"one embodiment" means that a particular feature, struc-
ture, configuration, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment. Thus, the appearances of the phrase "in one
embodiment" in various places throughout this specifi-
cation are not necessarily referring to the same embod-
iment. Furthermore, the particular features, structures,
configurations, or characteristics may be combined in
any suitable manner in one or more embodiments.
[0009] The terms "above", "over", "to", "between" and
"on" as used herein may refer to a relative position of one
layer with respect to other layers. One layer "above",
"over" or "on" another layer or bonded "to" or in "contact"
with another layer may be directly in contact with the other
layer or may have one or more intervening layers. One
layer "between" layers may be directly in contact with the
layers or may have one or more intervening layers.
[0010] FIG. 1is a generalized circuit diagram of a local
passive matrix (LPM) architecture. As shown in the ex-
emplary layout, current sources (i) are provided to each
column of LEDs 150, where grey level can be modulated
using pulse width modulation of a constant current. In
operation, sequential emission of each row can be ac-
complished by multiplexing such that only one row is se-
lected for emission at a time. Thus, the emission current
to a display row is turned off before being applied to the
next display row. It has been observed that sharing an
LPM emission duty cycle between display rows (e.g. driv-
ing one display row at a time) results in a relationship of
reduced emission time as a function of the number of
rows driven by a same pixel driver chip 102. Furthermore,
it has been observed that such a reduced emission time
as a result of row sharing can affect peak display bright-
ness. This can be compensated to some extent by raising
the current range needed to drive the LEDs. However,
this can result the LEDs being operated at non-optimal
efficiencies (e.g. in the characteristic internal quantum
efficiency curve of the LEDs) and lifetime degradation.
Thus, foragiven frame rate, and particularly at high frame
rates, scaling of the LPM multiplexing ratio (i.e. the
number of rows, or matrix size, that can be driven by a
pixel driver chip) can be constrained.

[0011] FIG. 2 is a generalized circuit diagram of an
active matrix (AM) architecture. As shown in the exem-
plary layout, each LED 150 has its own dedicated current
source, iq, iy, i3, etc. It has been observed that the area
required for driving electronics associated with AM dis-
play panels with a high pixel density can be prohibitive.
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Furthermore, the amount of driving electronics, such as
row drivers, column drivers, multiplexers, etc. can in-
crease border area around the display. While AM digital
backplanes are possible, AM backplanes are generally
analog, using a large amount of digital to analog convert-
ers (DACs) to generate analog current levels for driving
LEDs, where grey scale is typically modulated with am-
plitude modulation.

[0012] FIG. 3is a generalized circuit diagram of a local
active matrix (LAM) architecture in accordance with an
embodiment. The LAM architecture and addressing
schemes in accordance with embodiments enable digital
driving at higher multiplexing ratios than possible with
LPM addressing, and with reduced power consumption
and complexity of AM addressing. LAM decouples the
emission time from the program time so that a desired
display brightness can be achieved at optimal LED effi-
ciency and driving current. Thus, at any given frame rate
(e.g. required by display artifact performance) LAM can
allow for larger LED matrix size or multiplexing ratio while
keeping pixel driver chip size and cost down.

[0013] Inoperation grey scale can be modulated using
pulse width modulation. As shown, a corresponding local
subpixel circuit 130 is located between each LED 150
and the pixel driver chip 102. For example, the local sub-
pixel circuit 130 can be located in a thin film transistor
(TFT) stack between the pixel driver chips and a display
effect layer (e.g., OLED, pLED), The TFT stack provides
the sample-and-hold and current source capability per
sub-pixel. The pixel driver chips provide local matrix dig-
ital driving capability. Such an arrangement may allow
for 100% emission duty cycle irrespective of LED matrix
size corresponding to the number of LEDs (and rows)
connected to a single pixel driver chip 102. Thus, this
allows for operation at a high multiplexing ratio. Such an
arrangement can also reduce driving currents compared
to LPM. For example, scaling LPM to larger matrix sizes
can require an increased driving current to achieve nec-
essary brightness. This can be problematic for matching
micro LED efficiency curves, and OLED lifetime. LAM
addressing can allow for lower driving currents and is
thus applicable for both wLED and OLED. Furthermore,
LAM arrangements can be compatible with reduced bor-
ders along edges of the display panel, availability of cut-
outs, and alternative backplane shapes.

[0014] Referring now to FIG. 4A a schematic top layout
view illustration is provided of a display system in accord-
ance with an embodiment. As shown, the display system
100 includes a display panel 110 which includes an array
of pixel driver chips 102 interspersed within a display
area of the display panel 110 along with an array of LEDs
150. The LEDs 150 may be arranged in an array of pixels
152, with each pixel 152 including multiple subpixels 154.
Each subpixel may be designed for emission of a different
color. In an exemplary arrangement, the subpixels 154
are arranged with red-green-blue (RGB) emitting LEDs
150, though other arrangements are possible. In an em-
bodiment, each subpixel 154 includes a pair of redundant
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LEDs 150 including a primary LED and a redundant LED
which can be driven as a result of a defective or missing
primary LED or circuitry. The display area may be con-
sidered area including LEDs 150 in the pixel array.
[0015] A control circuit 104 may be coupled to the dis-
play panel 110 to supply various control signals, video
signals, and power supply voltage to the display panel
110. The control circuit 140 may include a timing control-
ler (TCON). For example, the control circuit 104 can be
placed onachip onfilm, flex circuit, etc. Additional system
components 106 can be coupled with the control circuit
104, or directly to the display panel 110. For example,
the additional system components 106 caninclude a host
system on chip (SOC), power management integrated
circuit (PMIC), level shifters, touch screen controller, ad-
ditional passives, etc.

[0016] The particular display panel 110 illustrated in
FIG. 4A may be characterized as a tiled display including
a plurality of tiles 112. The arrangement of pixel driver
chips 102 in accordance with embodiments can remove
the requirement for driver ledges on the edges of a dis-
play panel. As a result, the display panel may have re-
duced borders, or zero borders outside of the display
area. The configuration may facilitate the formation of
display panels with curved edges, as well as cutouts 120.
In addition, the configuration may facilitate modular ar-
rangements, including micro arrangements, of display
tiles 112. Generally, the control circuit 104 may be cou-
pled to an edge of the display panel 110. Bus columns
114 of global signal lines and/or power lines may extend
from the control circuit 104 to supply global signals to the
display panel. For example, the global signal lines may
include at least data clock lines and emission clock lines.
The global signal lines are coupled to a plurality of "hy-
brid" pixel driver chips 102H, and together form a back-
bone of the display, or display tile 104. The corresponding
backbone hybrid pixel driver chips receive the global sig-
nals and then transmit manipulated signals to their cor-
responding rows as row signal lines 116 connected to
the other pixel driver chips 102 within the same row. For
example, the global data clock and emission clock sig-
nals may be converted to manipulated signals and trans-
mitted to the row of pixel driver chips 110 along manip-
ulated data clock lines and manipulated emission clock
lines. For example, the manipulated signals may include
only the necessary information for the particular row of
pixel driver chips.

[0017] The tile-based display panels in accordance
with embodiments may have various arrangements of
display tiles 112. For example, the display tiles 112 may
be arranged side-by-side (horizontally), stacked (verti-
cally), both, as well as other configurations. Additionally,
the bus columns 114 of global signal lines may be aligned
and connected for stacked display tiles 112. Bus columns
118 and datalines 118 may extend from the control circuit
104 to the display panel. Column drivers may optionally
be located on the display panel 110 to buffer the global
signal lines in the bus columns 114 and/or data lines 118.
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Each tile 112 may include one or more bus columns 114
of global signal lines, a plurality of rows of row function
signal lines 116, and a plurality of rows of pixel driver
chips 102, with each row of pixel driver chips 102 con-
nected to a corresponding row of row function signal lines
116. Additionally, each pixel driver chip 102 is connected
to corresponding matrix 156 of LEDs 150.

[0018] As shown in FIG. 4A, each row of pixel driver
chips 102 includes a group of backbone hybrid pixel driv-
er chips 102H and a group of LED driving pixel driver
chips 102D. The routing of the bus columns 114 and
backbone hybrid pixel driver chips 102H may form a
backbone of the tiles 112. Each of the backbone hybrid
pixel driver chips 102H and LED driving pixel driver chips
102D may be hybrid pixel driver chips, only configured
differently for different function. Alternatively, chips
102H, 102D may have different internal circuitries. The
backbone hybrid pixel driver chips 102H and LED driving
pixel driver chips 102D may additionally be connected
differently. In accordance with embodiments, each of the
backbone hybrid pixel driver chips 102H and LED driving
pixel driver chips 102D are connected to corresponding
matrices 156 of LEDs 150 via TFT local subpixel circuit-
ries.

[0019] Referring now to FIG. 4B, an alternative display
system 100 is illustrated including column drivers 122
and row drivers 124, which can be arranged on or con-
nected to edges of the display panel 110. Column drivers
122 may buffer the global data signals for example, be-
fore transmitting to the data lines 118. Row drivers 124
may buffer global row function signals, for example, be-
fore transmitting to the rows of pixel driver chips 102.
[0020] Referring now to FIG. 4C, another alternative
display system 100 is illustrated including distributed row
drivers 125. The embodiment illustrated in FIG. 4C is
similar to that illustrated in FIG. 4B, where row drivers
are instead distributed row drivers 125 that are distribut-
ed, or embedded, across the display area rather than
along edges of the display panel 110. Similar to FIGS.
4A-4B, column drives 122 may optionally be included.
[0021] As shown in FIGS. 4A-4C, the local active ma-
trix architecture in accordance with embodiments is com-
patible with a variety of arrangements of pixel driver chips
102, and inclusion of various levels of global signal buff-
ering traditionally segregated into row drivers and column
drivers.

[0022] Referring now to FIG. 5 a schematic top layout
view of a display panel 110 and close-up generalized
circuit diagram of a local subpixel circuit 130 are provided
in accordance with an embodiment. As shown, local pixel
circuit matrices 160 are connected to respective pixel
driver chips 102. Each local pixel circuit matrix 160 and
local subpixel circuit 130 may be primarily located in a
TFT layer 230 (which may include multiple layers) above
the pixel driver chips 102 as shownin FIG. 7. Specifically,
the local pixel circuit matrices 160 in FIG. 5 illustrate the
local circuitries connected to a single pixel driver chip
102, which controls a matrix of pixels. Thus, as shown,
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the TFT layer may include an array of local pixel circuit
matrices 160 that correspond to the matrices 156 of LEDs
150 described with regard to FIGS. 4A-4C.

[0023] As shown in the close-up diagram, each local
subpixel circuit 130 can include a memory cell 135 cou-
pled with a local emission data line 134 from the pixel
driver chip 102 and a local scan line 132 from the pixel
driver chip 102. In an embodiment, the memory cell 135
includes a switch 140, such as a thin film transistor, and
astorage device 142, such as acapacitor. The local emis-
siondataline 134 may be coupled with a plurality of (rows)
local subpixel circuits 130 within the local pixel circuit
matrix 160. The local scan line 132 may be coupled with
a plurality of (columns) local subpixel circuits 130 within
the local pixel circuit matrix 160. Thus, each local pixel
circuit matrix 160 may include a plurality of columns of
local emission data lines 134, and a plurality of rows of
local scan lines 132.

[0024] Still referring to FIG. 5, in accordance with em-
bodiments each local pixel circuit matrix 160 may include
a power grid formed with high voltage power supply lines
136 and low voltage power supply lines 138. As shown,
each local subpixel circuit includes a high voltage power
supply line (e.g. Vdd) 136 and low voltage power supply
line (e.g. Vss) 138 coupled to a LED 150. More specifi-
cally, the high voltage power supply line 136 may be con-
nected to a first source/drain terminal of a drive transistor
144, with the LED 150 connected to the other
source/drain terminal, and the memory cell 135 connect-
ed to the gate of the drive transistor 144. In an embodi-
ment, the high voltage power supply line 136 and low
voltage power supply line 138 are coupled to output ter-
minals for a pixel driver chip 102. Furthermore, input ter-
minals for the pixel driver chip 102 may be coupled to
global power supply lines, such as those included within
bus columns 114 and row signal lines 116, or global pow-
er supply lines distributed across the display panel sim-
ilarly as the global data lines 118. In an embodiment the
power grid for a local pixel circuit matrix is wholly con-
tained within the local pixel circuit matrix 160 and con-
nected to a corresponding pixel driver chip 102. In such
a configuration, the pixel driver chip 102 receives the
global power input and can regulate the local power lines
(high voltage power supply line 136, low voltage power
supply line 138) for the local active matrix (i.e. the local
pixel circuit matrix 160). In accordance with some em-
bodiments, the pixel driver chip 102 can be responsible
for providing all relevant power and addressing signals
to the "stand-alone" local active matrix. In an alternative
arrangement, the high voltage power supply line 136
and/or low voltage power supply line 138 can be coupled
to the global power supply lines. In such an alternative
configuration, pixel current can be generated globally us-
ing global reference voltage (Vref) lines, for example, dis-
tributed through the backbone or otherwise.

[0025] In an embodiment, a method of operating an
LAM display panelincludes receiving a global data signal
(e.g. digital data signal) at a pixel driver chip 102 of an
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array of pixel driver chips interspersed within a display
area of a display panel 110. For example, this may be at
an input terminal coupled with a global data line 118, or
through the backbone, row signal lines 116, etc. A first
subpixel memory cell 135 is then programmed with first
local emission data from the pixel driver chip 102, where
the first subpixel memory cell 135 is located within a first
local subpixel circuit 130 outside of the pixel driver chip
102. Light is then emitted from a first LED 150 within the
first local subpixel circuit 130. In an embodiment, pro-
gramming the first subpixel memory cell 135 with the local
emission data includes sending a column data signal
(e.g. along local data line 134) and a row scan signal
(e.g. along local scan line 132) from the pixel driver chip
102 to a switch 140 (e.g. transistor) in the first subpixel
memory cell 135.

[0026] The LAM addressing schemes in accordance
with embodiments may include programming of the sub-
pixel memory cells one row at a time. Referring again to
FIG. 3, the first (top) rows of local subpixel circuits 130
and corresponding memory cells can be programmed,
followed by programming the second (middle) row, fol-
lowed by programming the third (bottom) row, and so on.
Additionally, all columns within a same row are pro-
grammed at the same time. It is to be appreciated that
the illustrated current sharing, and multiplexing, in the
LAM addressing scheme is actually programming cur-
rent, and is notthe LED driving current as those described
and illustrated for LPM addressing and AM addressing.
Instead, the LED driving currentis provided by the power
grid (high voltage power supply line 136 and/ low voltage
power supply line 138) as they relate to the programmed
memory cell 135. Lower currents can be used for turning
on the switch 140 compared to LED driving currents,
which can lower power required. This reduces peak cur-
rent that is supplied to the LEDs 150, and allowed the
LAM architecture and addressing scheme to be used for
micro LED as well as OLED. Additionally, row sharing is
involved during programming, once the memory cells 135
are programmed, the charged storage device 142 (ca-
pacitor) turns on the driving transistor 144, which stays
on until the memory cell 135 is reprogrammed. Thus,
time sharing of the current source with LPM addressing
is eliminated with LAM addressing. In operation, the driv-
ing transistors 144 remain on until reprogrammed, even
during programming and emitting from the following row.
Referring to FIG. 5 in combination with FIG. 3, in an em-
bodiment, the driving transistor 144 connected to a pro-
grammed memory cell 135 and first LED 150 (e.g. top
row) is on, even while emitting light from a second LED
150 (e.g. middle row, same column) or programming a
second memory cell 135 coupled to the second LED 150.
Thus, all driving transistors 144 from all columns in a first
row (e.g. top row) can remain on during the rest of the
programming operations where the succeeding rows are
programed for that frame. The same relationship goes
on for the succeeding rows. Such an addressing scheme
may be further facilitated by additional emission switch-
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es, etc.

[0027] FIG. 6 is a circuit diagram of a local subpixel
circuit 100 in accordance with an embodiment. FIG. 6 is
similar to the generalized circuit diagram of a local sub-
pixel circuit 130 of FIG. 5, with the addition of emission,
sensing, and LED redundancy circuitry. Similar to FIG.
5, the local subpixel circuit 130, and local pixel circuit
matrix 160 may be wholly connected to local input/output
terminals of the pixel driver chip 102, and thus, not con-
nected to any global signal or power lines. As shown, the
column data line 134 may connect a column of local sub-
pixel circuits 130. Likewise, the high voltage power sup-
ply line 136, low voltage power supply line 138, and col-
umn sense line 166 may connect to the same column of
local subpixel circuits 130. Similarly, a row scan line 132,
row sense line 146, primary LED row select line 148, and
redundant LED row select line 162, and row emit lines
164 can be connected to a row of local subpixel circuits
130.

[0028] In the particular embodiment illustrated, row
emit line 164 is connected to the emission control switch
165 (e.g. transistor) for the local subpixel circuit 130. In
operation, selection of the row emit line 164 turns on the
emission control switches 165. Since the driving transis-
tors 144 are on after being programmed this allows emis-
sion from the LEDs 150. Since this is a redundant con-
figuration, emission will occur for either the primary LED
150P or redundant LED 150R, depending upon whether
primary switch 149 (transistor) or redundant switch 163
(transistor) is turned on. A sense circuit may optionally
be included, with sense switch (transistor) 147 coupled
with row sense line 146 and column sense line 166.
[0029] Each of the switches, or transistors, in the illus-
trated local subpixel circuits may be TFTs. Itis to be ap-
preciated that the particular local subpixel circuits 130
illustrated in FIGS. 5-6 are exemplary and embodiments
are not so limited. Other circuit implementations can be
used to reduce the number of TFTs and input/output con-
nections to the pixel driver chip 102. For example, the
emission control switch 165 can be replaced by providing
a pixel driver chip 102 current supply per column directly
to driving transistor 144, and sense switch 147 can be
combined with the driving transistor 144 using the pixel
driver chip 102 current supply for sensing. Furthermore,
the primary LED 150P and redundant LED 150R termi-
nals to the pixel driver chip 102 can be combined if NMOS
and PMOS are used as the primary switch 149 and re-
dundant switch 163, or the switching is from the pixel
driver chip 102.

[0030] Referring now to FIG. 7, a cross-sectional side
view illustration is provided of a portion of an LPM stack-
up in accordance with an embodiment. FIG. 8 is a flow
chart for a method of fabricating an LPM display panel
in accordance with an embodiment. In interest of con-
ciseness, FIGS. 7-8 are described concurrently together.
[0031] In an embodiment, a LAM display panel in-
cludes an array of pixel driver chips 102, a thin film tran-
sistor TFT layer 230 over and in electrical contact with
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the array of pixel driver chips 102, and an array of LEDs
150 on the TFT layer 230. As previously described, the
pixel driver chips 102 may be designed for digital provide
local matrix digital driving capability and may be designed
to receive digital data signals an include a digital data
storage module. Each pixel driver chip 102 may be elec-
trically connected to a corresponding matrix 156 of LEDs
150 and corresponding local pixel circuit matrices 160,
which may be formed in the TFT layer 230.

[0032] Method of manufacture may include transfer-
ring an array of pixel driver chips 102 to a display sub-
strate 200 at operation 8010. For example, the display
substrate 102 may be a rigid or flexible substrate, such
as glass, polyimide, etc. An adhesion layer 202 may op-
tionally be formed on the display substrate 200 to receive
the pixel driver chips 102. Transfer may be accomplished
using a pick and place tool. In an embodiment, a back
side (non-functionalized) side is placed onto the adhe-
sion layer 202, with the front side (active side, including
contact pads 180) placed face up. The contact pads 180
may be formed before or after transfer. As illustrated, a
passivation layer 204 can be formed around the pixel
driver chips 102, for example, to secure the pixel driver
chips 102 to the display substrate 102, and to provide
step coverage for additional routing. Suitable materials
for passivation layer 204 include polymers, spin on glass,
oxides, etc. Inanembodiment, passivation layeris a ther-
moset material such as acrylic, epoxy, benzocyclobutene
(BCB), etc.

[0033] A redistribution layer (RDL) 220 may then be
formed over the array of pixel driver chips 102. The RDL
may, for example, fan out from the contact pads 180 to
provide connections for the TFT layer 230 which is then
formed at operation 8030. As shown in FIG.7, the RDL
200 may include one or more redistribution lines 224 and
dielectric layers 226. For example, redistribution lines
may be metal lines (e.g. Cu, Al, etc.) and the dielectric
layers 226 may be formed of suitable insulating materials
including oxides (e.g. SiOx), nitrides, polymers, etc. In
accordance with embodiments, RDL 220 includes one
or more of the plurality global signal lines and power lines
(e.g. data lines 118, row signal lines 116, bus columns
114, etc.).

[0034] Any of the plurality of global signal lines and
power lines may also, or alternatively, be formed in the
TFT layer 230. In an embodiment, the TFT layer 230 is
used primarily for local routing. The TFT layer 230 may
include an array TFTs, capacitors, and electrical routing.
For example, the TFTs may be silicon or oxide transis-
tors. In the embodiment illustrated, the TFTs include sil-
icon channels 238 and oxide gate layers 239. Similar to
RDL 220, the TFT layer 230 may additionally include a
plurality of metal routing lines 234 and dielectric layers
236. Routing lines 234 (or vias thereof) may contact the
source/drains of the TFTs. In the illustrated embodiment,
the top metal routing line 234 is an anode for the local
subpixel circuit.

[0035] At this stage in the manufacturing process, the
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display panel may be suitable for subsequent processing
for both micro LED and OLED. Atoperation 8080 an array
of LEDs is connected to the TFT array. In an OLED man-
ufacturing process, this my include deposition of the or-
ganic emission layers, and then pixel defining layers. In
the micro LED manufacturing process illustrated in FIG.
7, additional dielectric layers and routing layers may op-
tionally be formed followed by the transfer and bonding
of micro LEDs 150 onto the stack-up. In an embodiment,
the micro LEDs 150 are bonded inside bank structure
openings 242 in a bank layer 240. The bank structure
openings 242 may optionally be reflective, and may op-
tionally be filled after bonding of the micro LEDs 150. The
bank layer 240 may be further patterned to create open-
ings 244 to expose a routing layer, such as low voltage
power supply lines 138, or cathodes. A top transparent
or semi-transparent electrically conductive layer(s) can
then be deposited to provide electrical connection from
the top sides of the micro LEDs 150 to the low voltage
power supply lines 138, or cathodes. Suitable materials
include transparent conductive oxides (TCOs), conduc-
tive polymers, thin transparent metal layers, etc. Further
processing may then be performed for encapsulation,
polarizer, etc.

[0036] FIGS. 9-12illustrate various portable electronic
systems in which the various embodiments can be im-
plemented. FIG. 9 illustrates an exemplary mobile tele-
phone 900 that includes a display system 100 including
a display screen 101 packaged in a housing 902. FIG.
10illustrates an exemplary tablet computing device 1000
that includes a display system 100 including a display
screen 101 packaged in a housing 1002. FIG. 11 illus-
trates an exemplary wearable device 1100 that includes
a display system 100 including a display screen 101
packaged in a housing 1102. FIG. 12 illustrates an ex-
emplary laptop computer 1200 that includes a display
system 100 including a display screen 101 packaged in
a housing 1202.

[0037] FIG. 13 illustrates a system diagram for an em-
bodiment of a portable electronic device 1300 including
a display panel 110 described herein. The portable elec-
tronic device 1300 includes a processor 1320 and mem-
ory 1340 for managing the system and executing instruc-
tions. The memory includes non-volatile memory, such
as flash memory, and can additionally include volatile
memory, such as static or dynamic random access mem-
ory (RAM). The memory 1340 can additionally include a
portion dedicated to read only memory (ROM) to store
firmware and configuration utilities.

[0038] The system alsoincludes a power module 1380
(e.g., flexible batteries, wired or wireless charging cir-
cuits, etc.), a peripheral interface 1308, and one or more
external ports 1390 (e.g., Universal Serial Bus (USB),
HDMI, Display Port, and/or others). In one embodiment,
the portable electronic device 1300 includes a commu-
nication module 1312 configured to interface with the one
or more external ports 1390. For example, the commu-
nication module 1312 can include one or more transceiv-
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ers functioning in accordance with IEEE standards,
3GPP standards, or other communication standards, and
configured to receive and transmit data via the one or
more external ports 1390. The communication module
1312 can additionally include one or more WWAN trans-
ceivers configured to communicate with a wide area net-
work including one or more cellular towers, or base sta-
tions to communicatively connect the portable electronic
device 1300 to additional devices or components. Fur-
ther, the communication module 1312 can include one
or more WLAN and/or WPAN transceivers configured to
connect the portable electronic device 1300 to local area
networks and/or personal area networks, such as a Blue-
tooth network.

[0039] The display system 1300 can further include a
sensor controller 1370 to manage input from one or more
sensors such as, for example, proximity sensors, ambi-
ent light sensors, or infrared transceivers. In one embod-
iment the system includes an audio module 1331 includ-
ing one or more speakers 1334 for audio output and one
or more microphones 1332 for receiving audio. In em-
bodiments, the speaker 1334 and the microphone 1332
can be piezoelectric components. The portable electron-
ic device 1300 further includes an input/output (1/0) con-
troller 1322, a display panel 110, and additional I/O com-
ponents 1318 (e.g., keys, buttons, lights, LEDs, cursor
control devices, haptic devices, and others). The display
panel 110 and the additional I/O components 1318 may
be considered to form portions of a user interface (e.g.,
portions of the portable electronic device 1300 associat-
ed with presenting information to the user and/or receiv-
ing inputs from the user).

[0040] In utilizing the various aspects of the embodi-
ments, it would become apparent to one skilled in the art
that combinations or variations of the above embodi-
ments are possible for forming and operating a local ac-
tive matrix display. Although the embodiments have been
described in language specific to structural features
and/or methodological acts, it is to be understood that
the appended claims are not necessarily limited to the
specific features or acts described. The specific features
and acts disclosed are instead to be understood as em-
bodiments of the claims useful for illustration.

Claims
1. Alocal active matrix display panel comprising:

an array of pixel driver chips;

a thin film transistor (TFT) layer over and in elec-
trical contact with the array of pixel driver chips;
an array of light emitting diodes (LEDs) on the
TFT layer.

2. The local active matrix display panel of claim 1,
wherein each pixel driver chip of the array of pixel
driver chips includes a digital data storage module.



10.

1.

12.

13.
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The local active matrix display panel of claim 1,
wherein each pixel driver chip is electrically connect-
ed to a corresponding matrix of LEDs of the array of
LEDs.

The local active matrix display panel of claim 3,
wherein each pixel driver chip is electrically connect-
ed to a corresponding local pixel circuit matrix in the
TFT layer.

The local active matrix display panel of claim 4,
wherein each local pixel circuit matrix contains a
power grid.

The local active matrix display panel of claim 5,
wherein the power grid is wholly contained within the
local pixel circuit matrix and connected to a corre-
sponding pixel driver chip.

The local active matrix display panel of claim 5,
wherein the power grid is directly connected to a glo-
bal voltage supply line.

The local active matrix display panel of claim 4, fur-
ther comprising a bus line comprising global signal
lines routed to a column of pixel driver chips of the
array of pixel driver chips, and arow of bundled signal
lines connecting a row of pixel driver chips.

A local active matrix display circuit comprising:

a pixel driver chip within an array of pixel driver
chips interspersed within a display area of a dis-
play panel;

a plurality of global signal line inputs to the pixel
driver chip; and

a local pixel circuit matrix coupled to the pixel
driver chip.

The local active matrix display circuit of claim 9, fur-
ther comprising a first local subpixel circuit of the
local pixel circuit matrix includes a first subpixel
memory cell coupled with a local emission data line
from the pixel driver chip and a local scan line from
the pixel driver chip.

The local active matrix display circuit of claim 10,
wherein the local emission data line is coupled with
a column of local subpixel circuits in the local pixel
circuit matrix, and the local scan line is coupled with
arow of local subpixel circuits in the local pixel circuit
matrix.

The local active matrix display circuit of claim 9,
wherein each local pixel circuit matrix contains a

power grid.

The local active matrix display circuit of claim 12,
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14.

15.

16.

17.

18.

19.

20.

wherein the power grid is wholly contained within the
local pixel circuit matrix and connected to a corre-
sponding pixel driver chip.

The local active matrix display circuit of claim 12,
wherein the power grid is directly connected to a glo-
bal voltage supply line.

A method of operating a local active matrix display
panel comprising:

receiving global data signal at a pixel driver chip,
the pixel driver chip one of an array of pixel driver
chips interspersed within a display area of the
display panel;

programming a first subpixel memory cell with
a first local emission data from the pixel driver
chip, the first subpixelmemory cell located within
afirst local subpixel circuit outside the pixel driv-
er chip; and

emitting light from a first LED within the first local
subpixel circuit.

The method of claim 15, wherein programming the
first subpixel memory cell with the first local emission
data comprises sending a column data signal and a
row scan signal from the pixel driver chip to a switch
in the first subpixel memory cell.

The method of claim 15, wherein programming the
first subpixel memory cell with the first local emission
data is performed while programming a first row of
subpixel memory cells with the pixel driver chip, the
first row of subpixel memory cells within a first row
of corresponding local subpixel circuits.

The method of claim 17, further comprising program-
ing a second row of subpixel memory cells with the
pixel driver chip after programming the first row of
memory cells, the second row of memory cells lo-
cated within a second row of corresponding local
subpixel circuits.

The method of claim 18, wherein the global data sig-
nal is a digital signal.

The method of claim 18, further comprising further
comprising emitting light from a second LED within
a second local subpixel circuit in the second row of
second row of local subpixel circuits, wherein a driv-
ing transistor connected to the first LED and the first
subpixel memory cell is on when emitting light from
the second LED, wherein the first LED is not emitting
while the second LED is emitting.
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